Abstract: The isotropic chemical shifts can be calculated either by full-electron configuration, or by hybrid functionals, which costs a large amount of computational resources. To save the time, DFT+U could be employed to calculate the isotropic chemical shifts. However, the calculated properties are very sensitive to the Hubbard correction value Ueff. Here the double Fermi-contact-shift verification approach with DFT+U method is proposed with much higher computational efficiency, that is, simultaneously calculate the Fermi-contact shifts on two nuclei ( 6 Li and 17 O) to predict the optimal Ueff. The optimal Ueff is also helpful to the calculations of quadrupolar coupling constant CQ, g-factor, band structure and density of states.
Introduction
In recent years, solid-state nuclear magnetic resonance spectroscopy (SS-NMR) has become a vital analytical method that provides atomic-level structural information chemical shielding tensor and unambiguously assign experimental NMR signals. [5] [6] [7] [8] [9] For example, the isotropic chemical shift which contains several contributors was calculated by either hybrid functionals mixing different kinds of LDA/GGA functionals with Hartree-Fock (HF) exchange or full-electron configuration which uses fullpotential linearized augmented plane-wave (LAPW) plus local orbitals. 10, 11 These methods are generally accurate enough, but may demand numerous computation resources.
In contrast to LAPW and hybrid DFT approaches, the DFT+U method is much more economical and provides good accuracy. Although the DFT functional (LDA/GGA) tends to poorly describe systems with localized transition-metal d (or f) orbitals, such deficiency could be usually corrected by the DFT+U method that characterizes better strong intra-atomic interaction. 12 DFT+U has been widely accepted for studies of the nuclear magnetic properties of transition-metal oxides, 13, 14 and such an approach was also used for the calculation of chemical shift to qualitatively assign the NMR signals in several other types of cathode materials. 15 25 . An energy cut-off of 600 eV was imposed for the plane wave basis. The Brillouin zone was sampled using a gamma centered grid with a k-point spacing finer than 2π × 0.03 Å −1 for all calculations.
Computation Methods
The structures were optimized via full relaxation of lattice parameters as well as atomic positions, until the residual forces were smaller than 0.02 eV/Å and the energy criteria was less than 10 −8 eV. The gauge-including projector augmented wave (GIPAW) 26 approach within VASP code was used for the calculation of the NMR chemical shifts and the hyperfine tensors with a higher converging criterion of 10 −9 eV was used for electronic minimization.
The EPR g-factors for the same systems were calculated by the Quantum-ESPRESSO (QE) 27 with PBE+U exchange functional. Scalar-relativistic normconserving pseudopotentials with nonlinear core correction were used, and then the allelectron information was reconstructed with PAW and the gauge-including projector augmented wave (GIPAW) 28 . The same energy tolerance and k-mesh sampling as mentioned above were used, while the plane wave cutoff energy was increased to 1600 eV for better accuracy.
Results and discussion
To correct the self-interaction error in the GGA formalism, a Hubbard Ueff parameter was included for the Mn ions to treat the 3d correlations using the approach proposed by S. L. Dudarev 29 , where the Coulomb matrix (U) and the exchange matrix (J) are combined to give an overall effective value Ueff = U -J. In this work, the value of J was set to 0. Here the calculation of hyperfine coupling interaction that dominates the chemical shifts was employed for determining the Ueff.
Li2MnO3 (space group: C2/m) was chosen as a model system for which the experiment 6 Li, 7 10-20 ppm.
Therefore, Eq. (1) can be arranged as
which indicates that
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We tried to compare the calculated value with the experimental one , however it is difficult to obtain the experimental values and . We approximate by , by and by , which makes
due to the fact that the calculated value by GIPAW is accurate enough and much close to the , together with the fact that is usually ca. 1-5 ppm, which is much smaller than the value of 6 Li and 17 O . Furthermore, it should be mentioned that for 6 Li is close to zero and neglectable, and that for 17 O is around ca. 20 ppm which is very small compared with ~2000 ppm.
The optimized structure of Li2MnO3 is shown in Fig. 1a ). However, Ueff = 5 eV was employed in other works to study the properties of lithium intercalation voltages and doping effects of Li2MnO3.
37, 38 Here we emphasize that the optimal Ueff value deduced in our work may not be applicable for reproducing properties other than NMR. However, we believe that this approach could be applied for various other materials. are shown in Fig. 3a . We can see the CQ values increase almost linearly with the Ueff.
The calculated larger CQ of 17 O is 4.4 MHz at the Ueff value of 2.6 eV, which is consistent with previous reported value (4.6 MHz). 33 This means the optimal Ueff value for chemical shift calculation is also good for CQ calculation. Moreover, the is also calculated by using different Ueff, and it also increases with the increase of Ueff (Fig. 3b) .
When Ueff = 2.6 eV, the value of = 1.926 is obtained, which is close to the experimental value of = 1.994, 39 suggesting the Ueff = 2.6 eV could be a reasonable choice to accurately describe the iso values and the isotropic chemical shifts. It should be noted that the calculated is roughly the same from Ueff = 2.6 eV to 5 eV.
To show the effect of Ueff on electronic properties of Li2MnO3, we further examined the band structure and DOS of Li2MnO3 using DFT+U with Ueff of 2.6, 3.5 and 5.0 eV, respectively. Overall, the Ueff =2.6 gives reasonable band structure and PDOS of the Li2MnO3.
Conclusion
We 
